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© ZRFMRZFEDRA G TR, AP 25% 5 S0 5, VEORAE LR 5 30 B S %, R 210096
@ VLI R SEHLAE B, 484 221000
* W 5 1E# . E-mail: guning@seu.edu.cn

ks HIW: 2012-12-12; #:5% HIW: 2013-03-11
[ 5% R R TR v R (HIEE S 2011CB933503) . [H K FARRI =54 (ftHES: 60725101, 31000453, 61179035, 61127002)
FIVT 548 FAfE a2 (eSS BK2011036) % B H

WE  XPRET —MHNETHERES LA NEF DRI R R AN ReEE ¥5
A A P A 3 B A R AT A A IR B, O B AT &8 2 JERAE contourlet
% # (nonsubsampled contourlet transform, NSCT) I8 B R #HAT 0, RE KT A ¥CRAH B &
EZ ij]fi‘\j]ﬂ 7{‘5{1}5 %E F$ﬁﬁ§ (dynamic weighted non-negative matrix factorization, DWNMF) é ﬁ‘gJ IE{%
HATRAE, )G XA BT 1 T 2 BOR A R E R U B ok 6 A P TR G, B A
NSCT # & /% 2| Bh & FR. 1 % 85 RE W, FUR a0 X AU OF & & Bk S ik st 5 R foh 3t
WHARIATE S, 7T DURTT UM 69 Bk & BUR.

REEIR MR A BUBERA BE AR RERE R contourlet &

1 35|F

FE 7 G T DU B L B A MW SR 2% 2 SR BE, AT DA BRI AR 1T AN 52 I A% o3 2 (B .
E%ﬁ'ﬂw/@ﬁ%ﬁ%ﬂﬁ’]ﬂjfmhmTf%rlﬁtkﬁﬂ’]{ﬁﬁﬁﬁ R 75 IS BT 43 3 2 R0 M BB AIG. g
P4 (magnetic resonance imaging, MRI), HAKMA L3 )15 FGAF B EIFITG H 28 3 5500
&L, MRI &S AR 3 — 0 48 5 MRI 2 W (10 B0 BRI Sk, 380 A5 5 0 Lo BE R4 i SR A 2R 23 7%
SR AHSE MRI SR ARSI UK, 5= 05, [ MRI SHSAEANGEUR. BT 7623 20 R 07 T SAT A8
B, e A — FFESZT%‘UJ‘JETU Mﬂﬁzﬁﬁlﬁ?ﬁﬁﬁll IRAE B, T BERX PR R A s 2 e R AT
ek 0~

H T A& S R b T LA R 4 AN T80 /G242 R A 550, B InBCr 13 Bl
NMF J7v% 61, PCA J5ik 1, DUM-Sefhi ka4 81 R0 BEM f@lvd 5k 19 36T 20 g M it g s &
B, BSR4  p s DO N AR ik 21010 B0, ) 1) B R Rl 5 7 2, L HE HST AR
i 161 JE A A B A 07 e G AL O S, BB e ik (181, et e 4y A (19,200,
A Rl AR TS S A RO A B Y v s 2 R R A R T R G, ARG S B R

SIRME: R, By, 07, 55 Sk T REMERGRS LU B A AR RS B S B0k, T R (5B RE, 2013, 43: 1445-1459,
doi: 10.1360/112012-664
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1 mMEEZREER

Figure 1 Flowchart of fusion algorithm

B S R RS . TR R AR R R S L X LA, B AR S AR Y
BT REE K S BRSSP, AETRATT ST 2 A I R T St ) e 7
X 8 7RG A R QAT ICHE IR RSl b (40 IR SORE R AR 0T L) o 3058 P50 5 4 S R S 1 5 2 A
RURH G, BEAT L T MEPE GRS EE R 75 5 WAL IR e R Rl &, D7 THTRIF U 2R WL SCRRARE.

T PP AR L 1) Ay W L 6 i P s 5 7 ) i S A R LR 34 5% 70 B R PO R PR e T L 7). e I
A AEk (superparamagnetic iron oxides, SPTIO) 14 MRI X} LbFl, EEELL FesOy Ml Fey O3 S, HAT

Chow &5 A U040, LA R N KORE ) 6 P S A by W IS AR0T LU S T R AUBEIT, R SEAERE S 50k
7.0 T MR P HAT 858 Ty IIBCER I BE T, i MRI 5|3 50t s >KoRL 8 24 1697 B AT . 1
BRI, SPIO i W] LA e 4% 7 B BT i 358 o8 7 [0l 75 45 5. 4 SPIO v A feped K RAA Y, SPIO fig
2 B R R P P A, IR RETE A W BRI B, iy FLEE 7S [P FS 5 5 s BEAE SPIO &8 fXg 484 oy 48
s, PRI, Kp SPIO S & SE AL &, A AT Re il e — RO A4 L RN MRI K 75 AR ) 2 45
AR

RATIFICAL B A 22720 (3 T3 B 0646 7 T T o T4, 545 MRI
PR EE ST Fes Oy KRV R 8 B IR se AT RL b, Hl g A L W3R 2 D e mb e 0t LE
). T I ARSI 75 R MRI 5% S5, DA O 5058 Fes O AHOKRITRLIN 5 &, JFUESE AR L
YA SR R AT DU W R N SPIO HUR BRI, il Ol 0 aads 52 0l R T H i AR T T )
US\ MRI 555204 B 4%, 5200 US A MRI A A0 00 i A

ASCE e vt A AL, R STHR [22] H)25 IR0 R | e Sl 52 3547 R0 B I St on BE o) 4
BEEATEE A A MRI B, 1 R 9 & 5 AR R I S S, I/ D P 0 Rl 45 SRR 5% i, A SCHE RS
ROXTIR BRI TS 5. SHEEME Tp Ivur HEHAT NSCT 4 1615250 5 RRINF 1 REL {CY,C8x )
FAAHEIB )T 10T RA{COF Ol 10> 1)} 5 VR EBIL S0y B4 R 5 DWNME AHEE & 0TI 741 3R 4L
PEAT ALBE, 685 18 5 ) ZRECR FH 23 [ BR3P 42 I 2% (spatial frequency-motivated
pulse coupled neural networks, SF-PCNN) J5 LR TACEE, 15 2/l B 1) NSCT 544, #HT NSCT i
AT B A G R, SRR W 1
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2 EfBia%nE

BEXS AL GEL Sk I S50 W P RRURK, 1A G rUANIE R BRI, AR ST I NISCRESLI0] 8 7 S AR AT 73
) (26:27) iR I 8 AR A KR R R BR AR K5 R, DLBCK MR B G BB 2 L R
BRI, JFROIUE B R I A%, 12 B SR BOBUR, X 5 2 (1 s (s 5| g i
K, WHISOZ M R I 22, TG AR BRI AR G m s BRI . TR 15 R 3 m
I AT A5 2 B R L 2.

2.1 EBEE
T n POERGS R, WG EE (1,m) HEE] (7, 5) FIHERE A
(n) (Ti(g_l))a(m,j)ﬁ

pl,m ,(4,5 = n—1 . (1)
() (65 Z(s,q)eﬂ(l,m)(ﬂqu ))a(ns,q)ﬁ

@) X 707V o SRR (1,7) R BESRRER, Qum WEE (Lm) B, as 8 5
AR B FEE ARG RSB T, (2) X4 ny; &3

1
Mij =
! Zp:l:M Eq:l:N U(IZM])

UL 5), (2)

U(lij) =f(li-2,j-1 — Liv2js1| + [ Lic2je1 — Liva joal + Lic1,j-2 — Lipr 2| + [ Lic1j—1 — Lig1 j41]

+ iz — Lipr gl + Licijo1 — Licaj—1| + [Lic1 e — Licrj—2| + [Lij—1 — Lij+1])s (3)
T
sin(—), 0<z <A
f(x) = 2 (4)
0, otherwise.

(2) A1 (3) b 1 ; B T AEBER (i, ) BIKBEAE, (4) 2Xrb X 4 eR E0 15 I8

2.2 EEZEEH
MBI MR 2 (L,m) BEhEMGE 2 (i, 5), T8 EFHE (1, 5) SN INEEH

(n—1) (1-p)x Ti(’?_l) +pxmn;, if pixel(,j) is visited by the current ant; 5)
T = -
! TZ-(Z 1), otherwise.
(5) N plp < 0 < 1) AfE BRI BT FEOCGEARETH, i ki 015 BR BT 42 )= 508
" =(1-1) x =D 4 x 7O (6)

(6) A, ¥(0 < ¢ < 1) FoRBRE BFEHRE T, 7O FoRHIafE B E. WS HIHN LT
N BRI Is;
i ARG EIEE .

LI
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R W EN K = VM x N (M N 5358 R EUG K R D), K S B HL 5y

AR R A L R E R R 7O A TCREAT R 7, TR R AR

AR 2 MR (1) MM, SRR ERGET L PR
PR3 RRYE (5) N FEFE B EHRE

HER 4 R K R R e e DR 5 DR 2.

HER 5 MR (6) T B A JRE S A

D6 WRPATIERREUNT No(No A H 8L, RAESEIR TSR, #2038 2, SIHEDIR 7.

W7 WE HIENSABIE 2T, HE B R A, SRS L G
A TG IR S 1535 M B 5 v, AN SR ZERO-CROSS S 1371 209051

3 RMEEX

NSCT AL AMEHAT R ) 25 SOMIUE =) ke v, 3B A 7 I, DR e B A s NI 7R
JSUR ) J LTS AE. NSCT AE /MM A RL AR GH T BERAEAN ERAEIATY, (5 NSCT BA-F#
AN, I BLAS R 21t BRI B BB AT R /IR R, AR Rl i R b e s A R/ i
HELRZEN] R 5 45 SR IO, 5 50 R B0t FEUBR IRV RORT 6 AR, T ) T R s S g S 16291,

3.1 ETFE%HZF DWNMF BRMFH RS

IR S A B 53 fif (weighted non-negative matrix factorization, WNMF)6:28] ji o) $ 7t 75 %2 [X 45§,
IR, Re A RIS LHWE. WV NAERFR R nox m JEFE, W H 4350 83650 nox r HEFER
5 r xom HBE, T AR BOERE, < RORHRE S, JETAM R 500 e /MR AN F R T R = R 2

(Y1 H b R ECH
F(V,WH) = % NIT-(V-WH)-(V-WH)];;.
i,
(7) FORHE T I 75 AR R AR R B, LAk A Ay
_w . (T-v)H")
VW@ wmETY
Hepg. WIT-V)

(WT(T - (WH)))
B TARMY s 20 B /MK Kullback-Liebler R (¥ H A7 R 20N

1%
F(V,WH)=> [T-(V -log- -V +WH].
Z]: WH
(10) AR FET VAL R BOARAT BR B, JLARACRRI
W (T-V) g
W = THT) ((WH)H )

H (T V)

) W )
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P RS S E AR SRR P e P R TR RN AT Mg P AR, BT LA SO e BCR T (7) 5K, S AR
KL (8) 2R (9) 2. FERMG R AR, B IARIBEAT, Ble R G R KB 2 Bh ARG, K
T DX PR A2 53 At e B A AR A, DALk P 25 DXl PR ASC TR 0 I 2 R A A I PR AR . R P T A e
ARERBLX P S BRI RE. A I — PP B AN, IR SRR EAT, MR prs ARG R
BURBAT B A B, R T IRARE R 2 TR AR B0l Cib 2 H AR BIE IS DL, W5 X6 ROInAUER
K S, IBCR BN R TR E Fa bR B (007 [ BEAT . WNMF BB BRI 7% A 70
B, R AR BOEAT FFSES) A R 4, By SEIL Rl R R e Fabr 0 . O T Y
VS PR T SN GBI N FRASCERL, 8 i 5 PR (R RS LG B WA 2, A ST Rt & DR U5t PRI 3R AT 3 A
LU H.

PG 8 15 e 1 (energy of image gradient, EOG) Wt | EUR IR EAS B, fE— e FEE EReteRAE
PG IR AL, o SO (13) =X 1290,

M N
EOG = Y Y (I2(m,n)+ I}(m,n)). (13)
m=1n=1

(13) X, M x N HEUEIIRST, L(m,n) = I(m,n)—I(m—1,n), I,(m,n) = I(m,n)—I(m,n—1).
AR AL Contourlet 3k H 5| A G B X 3866 L fiE & (local area energy of image gradient, LEOG) [
MEa, Hoe X (14) X, (14) XMy x Ny S REBIX RS K, ARSCHGS < 5, Cp(myn) =
C(m,n) —C(m—1,n), Cy(m,n) = C(m,n) — C(m,n —1).

(M1—-1)/2 (N1—1)/2
LEOG(m,n) = Y > (CHmA+in+j)+Com+in+ ) . (14)
i=—(M1—1)/2 j=—(N1-1)/2

ARSCLAP R e ELRSS AR Rk A SR A3 I 52 8 0 01, 73l I A Dur. % H HERA
THRBNCE Cyn. N T IEBRI T Al & R A, I o) Rl PERE M SE R, A ST T G0 4
MGy E L FET NSCT I8 5 D I8k B2 g A DWNME AH 4515 BRI 3 £l B0 0.

N YRS T Al Typ AR IRA 7 REL CR, Clips

B Rl R AR 1 RO R

IR

AR LR IR R ARSI RO R A AT IR SR AR S ) C9 (veshape). Clin
(reshape), RIXPHAF [ E TS, 198N HAWIIHERE V, V = [C’g (reshape), CﬁR(reshape)].
IR EGE LN T, T = [Tp, Tur), FEFE T KB ITHIHEA 0.5.

AU 2 MUREIMR Ip M Iyr 230 TIAZ 0 EIR 2 Iy M Iy, A (14) SO G 0 FIK G0
SV S X Sl BB LA R ) LEOG 3~ LEOGyg, % LEOGH~ LEOGy HEAT FL#, i (1) 4
TR R SRAT ) 8 DX 3iofs P g B A B LEOG g g

IR 3 ds FHSCHR [30] $EH SV W, H TG L.

W4 asf] (8) K. (9) Ak w, H.

DS HEPTIBUERE T;

AW 51— UGERGERUG, AL R Wi, j) (RVRLG 5 IR 7 R 2 1% AT UL e 4 i U7
B, T (14) 20T B 530 Jg 0 DX SRt e SRR, id A LEOGw;
LB, 5.2  for i=1 to width(I5)
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for j=1 to height(I7)
LY LEOGW(i7j) INTID R 9 Hr 15 311 LEOGENm(’L',j), AT LR $ A

LEOG(i. )

T5(i,§) = Tp(i, §) —e B0 15
5(6:3) = T(6:3) foe 2 (15)

. . LEOGy (i, 5)
Tvir (i, 7) = Tur (4, j) ——e iR 16
Tg(i,j) = — —, 17
5(,9) Ts(i,j) + Tur(4,7) a7

o Tvir (i, J)
Tur(i, ) = —— — 18
Ml ) = T 7) + T (o) (18)
end for
end for

WIR 5.3 T = [Ty, Tur].
A6 ARG WA, AN LD IR 4.
BT R BRI B T7 e MBS VK] W REAT B AR A A Rl AR IR AR O

3.2 ET SF-PCNN M&HBARFHRHEMES

FIH SF-PCNN #5%! K Contourlet 312X W44 (spatial frequency, SF) %% [F] 1 KIS 156 B 45
i, HT PCNN [N A& H R Contourlet R EUEFEH] T PCNN (5N, XI5 EE 6 & i1
W RBOIATRG, 13 205 R 07 17 T 1 — R ARG 5 () - 28 506 R

(SF)ij= Y (CPh—cif )2+ (Cir —cih )2, (19)

i€M,jeEN
CER S U250 kTR THAE (6, 5) ASPRIKZR S, %0387 10 T4 RBUEBEII AN A M x N, H3)
OMEY 3 x 3. % 3.1 /NTR 3.2 /NS & AR FEIEAT NSOT A 3 /5 5 2 Rl 2 114

4 FTRRERDH

WA TLIRA DI R fe A B RS0 S 25 1 2E Fes O K BURL IR PE RIS LU ). £E12
W = AR, A I B L AL SR R R ARSIk, 7 AR LA ) A B SR A [P A S, AT ]
WA AR T HARISEE, BUACREAA. MR KRR 1E R T4 18— ARREI IR 0, R
PSR AL RAORE A PR 1 FERE S N RENS BB HES, 7 AR AR A AR PR 70 5 K VF 22, 5 RS HORE 4 [
(RT3 T- P8, BUE IR SRR 25 L 2O N, Tosti R Thm, fE To RN R DN RS 5, JIEE
& To AR A ACEAR, N IHEIE SE ). S Fes O QK URLAN 25 & 1l 25 I REVE R 0] LE 7, R REHY
S P SO, B il AR KA, e PRI CAIR Tl B 52, BRI Tos2 B
IR PEAR. AL ) S R A E RS LERIEAT T 910 35 B TEM 25 BERIE ST, )5 300 00 ARS8
TR BRI R, AR T A ST B AR R AN BE P TR

PR IR AR5 S B s = i, ERCE 4 mmx6 mm (AR X AME) IRERCE .
IR SCHRAE 52 AR AR B A8 EE0EAT 8 75 B AR IIR BE R IR b, ASCON TR IR, AR L, T
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BT 3 ANHRY (R, RUERERIFFRCHERI A AR (RS MBS (Hbnivtg) B0
BIX 3 A HAR AL A ECHERD S AR B ST AR H . R A H AR XA T E A, W]
DA 56 -5 ORGP 0] EE AT 2 S ROR, DRAUE TH IR 2 WL

SIS G il PC ML (CPU 4 Intel(R) Core™ 2 Quad 2.66 GHz, WAF A 2 GB, fifi4
500 GB, WINDOWS XP #:/E &%), MATLAB 6.5(H T-5L8hfie b LB C gnikas, ml s
VISUAL C-++ 6.0).

SRR AR IR AR N T SRR R Bt 75 g R4 GBI A ], LOGIQ 3 PRO) W AARER AL M
MR, W AE S B0 B 52 e MIF (FRQ 4.0 MHz, Gn 30, E/A 2/3, Map B/1, D 9.0 cm, DR 75,
FR 26 Hz, AO 100%). —4L AR AME DL AR, — 4 0 N 5216 00 N B (3 52 7K
100 ug/mL). A VLI R M TP B B I LR B e¢ (HSZA ], AIRIS 1L 0. 3 T) 0 A4S Ay vy
DU Toptfg. ASCHEET LURRPEER A 0.3 T RIREIR s BEAT B, 15, YL IR LA RL S S d
LRSI A B T REME O EE R LR B © 44T 1.0 T LA R REEAR B & o 2 200 HikER:, 33
WA TP IR (B2~24 Lok, M SER e a id B B, SEBHARAN K, HETIETT 7 0.3 T AL IRBE& 1
AR R M B B R A ] BARSHRE y: AN A TR=400 ms, [P ] TE=15 ms, 2%
=4 mm, I (FOV)=20 cmx20 cm, HiFFE 256x256. K2 K18 75 AR MR LR AR 40 T TR BUK
DRI, R X HORRE AL 512512 B3,

ASCR ] SCHR T R 23R B 9 MG S B A SCENE AT RS RO LB 25T DWT (discrete
wavelet transform) [FIEIA 8L BUOTVE 1) 2T gradient pyramid (L& HE B2 (O7ik 2). 3T
Laplacian pyramid (W& 5L B3 (5% 3) FETARM s ECR S/ MU ANHE B (] B RE 25 1 WNMEF
Rl L 26 (59 4) FEFAUN R AU 5 /ME Kullback-Liebler #{E 1) WNMF gl 53 261 (772 5).
BT PCA Mm% (5% 6) JET-3CHK (23] MRk &8I (7% 7). 55T SIDWT (shift invariance
discrete wavelet transform) [IELAHyE BTk 8) 3T 3¢k [28] Ml &5H L (Orik 9). VL LTk
HORARBEE WAHIRSCHR, AN,

ARICRHFBIBR L (average gradient, AG). AZk5R[E (edge intensity, EI). {5 E M (entropy, EN)
3 4% (space frequency, SF) 1A Rl BRI PFNFRIE BS1 AG tFR VA IR, Semt T BRI
22 5 GOMARHIE, @G R AG EBOK, W] Rl UG 375 bR s EN 2R BT 515
RERZ /D, EN (BOR, RIS G810 BEBOK; BI RN T iU S5 = KR LR 2, EI
B /N FERA iR B2 AR A AN R T AE L7339k, H R RN IL Sl T, SF N 1 BG4 [ v kA i, H
b5 SO EE ., B P ARAE R ZUR RARSE G DL T, SF ALK, 2B

4.1  HEIERGEXT LA RS IE

2(a)~(d) 7 A A REILHR G S R 7S RS A AP RS LR I RS R 75 RS D T
AR BB LR B s, 76 2 Hh Ik AR I N = A H b 5O JBOGERX 35 (region of interest,
ROI), W& 2(a)~(d) I (1) Xk, (i) XA (i) XEF7R. ROL W T 5 R EE K FEEE 2 X
i ROT P34 43 R B0 FE 51 3R AR P AR ISR AR 1A A5 B, AE b3k at Bk 71015 B
B SR INGAE BN, R R S T N T EM A AR, iGN thig, WK
2(a)~(d) T (iv) RIS

2(a)~(d) 1) ROL “FREIKBr i 1 Bros, BEVEGGEXT Hepe 188 /5 B e A i asci i, 3 4
H b DXIAE N3 5% 0 J5 e BE B o, P38 KN FIL 2 R A G B 48T, &gl s B R4,

1451



R AR R TR AT BT AR P AR 1B i 15 Bk

B 2 HEMERIE BB ARE

Figure 2 Enhancement imaging based on magnetic microbubble contrast agent. (a) MRI image; (b) ultrasound image;

(c) MRI image using magnetic microbubble contrast agent; (d) ultrasound image using magnetic microbubble contrast agent

F 1 HERENHEFMEEYRES LR

Table 1 Quantitative comparison of enhancement effects based on magnetic microbubble contrast agent

Performance evaluation Ultrasound image MRI
(i) (i) (i) (i) (if) (i)
Information entropy without contrst agents 0.0296 0.0457 0.0216 0.1485 0.1630 0.1368
of image edge with contrst agents 0.1887 0.1537 0.0752 0.1683 0.1967 0.1558
Average gray value of without contrst agents 21 24 24 40 32 30
all pixels within ROI with contrst agents 91 82 66 26 16 18

X T EIEYR AR, IEREAG 3 A H bR DRI BE R, 31X T 05 T IR AR A ot L 7] 2 B
PEIEFEA]. XL 2(a) RO 2(c) XYM (i) X3k, & sgla i 2(c) 1 (i) X1 H AR nse
B G R REINFEE, TR 780 U T REPERGE S e T LR g e 5 20,

4.2 TRMEGERGEX EEFIER TBE LR Gz EMS

Kl 3(a), (b) 7 Al A ESEHRANEE 5 5. [ 3(c)~(1) AN ASOERL G 45 3 i 1 e a5 3
Jrik 2 EER - TR 9 RS AR WA BEW S R E TR (D DX, SO Tk 4 U7
7 MUGE 9 ORI R 3(c)~(1) 70 AIREAT E AR TSR 2, TR 2, 72 AG fRbr B, A3
JRENTTE 9 FRIAANR; AE BL fabr b, A7 A0 48 EN fiabs b, ARSOTEAE AT 10 ADREla 7 ik
R AE SF 385 b, A SRR T J5% 4 MITE 5.

4.3 RINEERGEX LR ER TRE ARG 2 ERME

Kl 4(a), (b) 73 BIABINRENERGERT EEAR S R IRAE P 5. 1 4(c) ~(1) 20 ds s
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Figure 3 MRI-ultrasound fusion results without using magnetic microbubble contrast agent. (a) MRI image; (b) ultra-

sound image; (c) result based on proposed technique; (d) result based on Al; (e) result based on A2; (f) result based on
A3; (g) result based on A4; (h) result based on A5; (i) result based on A6; (j) result based on A7; (k) result based on AS;
(1) result based on A9

xR 2 FMERBMERCEX LLFIER TREGR S TR LR

Table 2 Comparison of the fusion methods without using magnetic microbubble contrast agent

Performance evaluation

Method category

AG EI EN SF
Proposed method 1.9977 21.7521 6.6734 6.0555
Method1l 1.2889 13.2777 4.9871 4.6754
Method2 1.1747 12.1491 4.9152 4.1251
Method3 1.4440 15.1338 5.0880 5.2582
Method4 1.9827 21.2444 4.9486 8.0356
Method5 1.8141 19.7510 4.6462 7.1098
Method6 1.5449 16.7964 5.4174 4.8305
Method7 1.7930 19.4088 5.6077 5.9552
Method8 1.2873 13.4083 4.9904 4.6690
Method9 1.9977 21.7511 6.6758 6.0553
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Figure 4 MRI-ultrasound fusion results based on magnetic microbubble contrast agent. (a) MRI image using magnetic

microbubble contrast agent; (b) ultrasound image using magnetic microbubble contrast agent; (c) result based on proposed
technique; (d) result based on Al; (e) result based on A2; (f) result based on A3; (g) result based on A4; (h) result based
on A5; (i) result based on AG; (j) result based on AT7; (k) result based on A8; (1) result based on A9

& 3 ETHMRIEN EFIMEIGRE AR LR

Table 3 Comparison of the fusion methods based on magnetic microbubble contrast agent

Performance evaluation

Method category

AG EI EN SF
Proposed method 3.2223 35.2385 7.0310 9.4367
Method1l 2.5842 27.5965 6.0741 8.1378
Method2 2.3638 25.3566 6.0497 7.2596
Method3 3.1647 34.2059 6.1085 9.7603
Method4 2.0028 21.6578 4.8917 8.5933
Method5 1.9608 21.2235 4.9079 7.9728
Method6 2.6181 28.5215 6.013 8.2481
Method7 1.1286 12.535 4.4387 3.5742
Method8 2.6530 28.4916 6.0628 8.2507
Method9 3.2181 35.0896 6.8678 9.5583
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Figure 5 The effects of image segmentations on the fusion results using proposed method based on magnetic microbub-

blecontrast agent. (a) MRI image; (b), (c) and (d) are MRI image segmentations based on CANNY operator, LOG operator
and the proposed segmentation algorithm respectively; (e) ultrasound image; (f), (g) and (h) are ultrasound image segmen-
tations based on CANNY operator, LOG operator and the proposed segmentation algorithm respectively; (i) fusion result

based on (a) and (e); (j) fusion result based on (b) and (f); (k) fusion result based on (c) and (g); (1) fusion result based on
(d) and (h)

4.4 LWL
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F & MR AE R, T HES B B BRER.
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Table 4 Quantitative comparison of the effects of ultrasound image segmentations on the fusion results using proposed

method based on magnetic microbubble contrast agent

Performance evaluation

Segmentation operators

AG EI EN SF
Without edge segmentation 3.2081 35.1734 7.1466 9.1920
CANNY operator 3.0417 33.3312 7.1517 8.9226
LOG operator 2.9499 32.3553 7.0208 8.5538
Proposed method 3.2223 35.2385 7.0310 9.4367
HR A R HAT ORI S, JH TR BRI, 2 1R BRI AEOR (B EN (EECR) 2R st

O Rl BB R s e 75 . BT 53), (k) RE ISR 23 PRIB, A ol A2 ) I ) 7 AR P A A K e g
W%, FEEGSERAATM, B 5() BT EN fabriity, HAabr R —M, Kl 5(k) SUifabrEHA
AR, B 5(1) XMV AG, EI A1 SF =TdEAR 70, 76 EN Fabr FATHAD py b 775 22 BhAN K, B DL
oy H i A S G 2 AR H bR i %, FF Hd/b> TS 40 8 TY0UE Bk, THEE 531)~(1)
Il L, 20 22.1687, 21.8708, 21.0014 A1 24.0922. iR ¥HnR K 5(1), (§) XA EN {HE K
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Abstract With the help of magnetic microbubble contrast agent, a new fusion scheme between ultrasound image
and magnetic resonance image is presented in this paper. Magnetic microbubble contrast agent is used in both
ultrasound and MRI imaging process to enhance and preserve most important information of interest. By using
nonsubsampled contourlet transform (NSCT), source images are decomposed. Then, image edge segmentation,
combined with an self-adaptive algorithm of dynamic weighted non-negative matrix factorization(DWNMF) is
utilized to complete the fusion of low-frequency subband coefficients, the fusion course of bandpass directional
subband coefficients can be realized by use of the model of spatial frequency-motivated pulse coupled neural
networks. Finally, the ultimate fused image can be obtained with inverse NSCT. The experiment based on the
above-mentioned scheme demonstrates that ultrasound-MRI fusion may be a promising method for obtaining
high quality fusion image.

Keywords magnetic microbubble contrast agent, microbubble contrast agent, fusion, weighted nonnegative
matrix factorization, nonsubsampled contourlet transform(NSCT)
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